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Measurements on Resonance 


in Capacitors 


1 have found it very useful to take 
advantage of self resonance in regu- 
lar capacitors for low impedance 
coupling of one point to another in 
VHF and UHF circuits. 


In various articles I have seen claims 
that component lead inductances are 
of the order of InH/mm, [ have had 
better luck with an estimate of 0.5 
nH/mm. 


1. 
INTRODUCTION 


The idea is not new. ‘The author of (1) 
showed this in a Wireless World article 
September 29th 1933! A graph in (1) 
shows the optimum decoupling capaci- 
tance, assuming a total length of 1 inch, 
for various frequencies. Tt boils down to 
0.71 nH/mm, which is close to my 
findings. 


Lately I read in a VIIF Communica- 
tions article that small surface mount 
capacitors are not good enough for 
decoupling, having too much induct- 
ance. Of course, they must have more 
inductance than capacitors 
mounted direct between ground and 


dise 


what is to be decoupled, but just how 
bad are they? My curiosity got peaked, 
so I decided to check this out, as well 
as to more accurately measure some 
regular capacitors with leads. 


Whilst working for E.F.Johnson during 
the summer of 1976 1 had access to, 
among many other goodies, a HP 
A815A vector impedance meter. T 
well aware of the fact that a pl 
capacitor will behave as an inductor, 
given a sufficiently high frequency, but 
had never thought much of the transi- 
tion region. One day I was taking 
measurements with the 4815 and a few 
regular ceramic disc capacitors. I was 
struck by the pronounced resonance, 
and by how low the resistance became 
at resonance, often less than 10. 


as 
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Fig.l: The Capacitors as detailed in Table.1 


2. 
The Test 'Method' 


This finding inspired a method to 
measure the self resonant frequencies of 
the ceramic trimmers manufactured at 
E.P.J. (At moderate frequencies, the 
circuit in (2) and (3) can also be used 
for this test). 


At first [ measured the resonant fre- 
quencies (from a selection of capacitors 
with leads, Fig.1) with a Grid Dip 
Meter. Both leads soldered in a parallel 
fashion to a ground plane, in one case I 
soldered two and four identical capaci- 
tors together and measured the resonant 
frequency of the resulting loop. 
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Later I used a piece of micro 
stripline, the ‘Method’ as men- 
tioned above, shunted by the 
capacitor to be measured. The 
microstrip connected between a 
sweeper and a home-built .W 
RF Detector, or a 275 MHz 
Oscilloscope (HP 1725A) when 
the frequency allowed. 


The results for the leaded capa- 
cotors are shown in Table.1 and 
give values in the range of 
0.4-0.7 nII/mm. See Table 1. 


After T made these measurements 
I got the idea to try a Siemens 
“MK” ( if I remember the type 
name right ) capacitor, 1.5nf/ 
250V. It can be mounted on the 
pins and then upside down, 
eliminating the inductance of the 
pins. See Figs.2a and 2b. 


T soldered it across a microstrip line as 
shown in Fig.2a, standing on the ends 
of the pins. It resonated at 44 MHz 
(suppressing the signal at the other end 
of the microstrip by 40 dB! ) As I 
turned it upside down the resonance 
moved to 96 MHz, also with a 40 dB 
suppression. ‘The body inductance must 
then be 1.83nH and the total (with pins) 
8.72nH. The difference, 6.89nH divided 
by the length of two 5.5 mm legs yields 
0.63n1/mm. 


The body is 7.6 mm long; 0.24nH/mm. 
This constant may be applicable for the 
capacitors in Table 1 as well. 


I then connected 9 chip capacitors of 
10pF each, so that they formed a half 
circle standing on a ground plane. The 
most superb GD-Meter in the authors 


VHF COMMUNICATIONS 4/94 


Res. MHz Cap. (pF) leg (mm) body (mm) 


A 1.91 154000 29 
B Tel. 4800 60 
Cc 17 2160 35 
D 27 1000 19 
EB 30 480 30 
F 74 300 14.5 
G 98 220 10.5 
H 91 180 13.5 
] 75 120 Sil 
K 138 100 12.5 
L 69 98 42 


Ca 


L (nH) nH/mm 

25 45,08715 5432187 
20 89.00565 6357546 
7 40.5778-1 5269846 
ll 34.74663 -7091150 
25 58,63494 6898229 
8.5 15.41898 4111727 
6 11.98852 4440191 
6.3 16.99358 5103178 
9 37.52636 5285403 
3.5 13.30093 4666904 
8 54,28952 5901035 
Average: .5505226 


‘Table 1: Self Resonance in Small Capacitors 


Fig.2a: The Siemens 1.SnF Capacitor 
with legs down 


Fig.2b: The Siemens 1.5nF° Capacitor 
with legs up 


collection ends at 940 MHz, and indi- 
cated a possible resonance just above. 
With a signal source and an RP 
detector I placed a loop from each on 
either side of the are (Fig.3). The 
resonance in the capacitors gave a very 
nice peak at 1010 MHz. The 3dB BW 
was about 10 MIlz, indicating a Q of 
100! Assuming no inductance in the 
ground plane, each capacitor should 
then have a parasitic inductance of 
2.48nI1. If the ground plane contributes 
InlI, cach capacitor would have 
1.48nH. The distance between the 
grounded ends of the are is 20 mm, 


2.1 Introduce the microstrip line 
and the “Method”, Fig. 4. 


The 10pF chip capacitor resonated at 
1210 MIlz , consistent with an induct- 
ance of 1.73nII. Could 20mm of 
groundplane have added 0,75nH? re- 
sulting in 37.5 plI/mm? 


The measurement confirms the  state- 
ment in (1) as valid, but one may also 
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take advantage of the series resonance. 
Select the capacitance value that reso- 
nates with about 1.73nH! For a wider 
band decoupling, you can use several 
capacitors of varying value or added 
lead lengths, Just make sure they do not 
couple inductively to cach other. 


I tried five chip capacitors across the 
microstrip, and the results in are in 
‘Table 2. 


Res, MHz Cap. (pF) Ind. (nl) 
M 1210 10 1.73 
N 660 33 1.76 
oO 405 100 1.54 
P 210 330 1.71 
Q 140 1000 1.29 
Table 2 


The capacitor dimensions are 3,25 x 1.6 
x 0.6 mm. The gap they bridged from 
the microstrip line to the ground plane 
was 2.7 mm, so about 0.6nH/mm is 
applicable here. 


4; The Micro Stripline with a Chip Capacitor mounted for measurement 
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The 9 x LOpl’ Chip Capacitors and Coupling Loops 


If they all really had 1.73nH, which is 
likely, the 100pF' should have resonated 
at 383 MHz and the InP at 121 MIHz. T 
have not investigated the deviations. 
‘The capacitors have 5% tolerance. 


The dip at resonance, when introduced 
in the microstrip line, was between 30 
and 40dB, This is a pretty good 
rejection, although not sharp enough to 
reject adjacent channels, Frequencies 
far out are also affected, particularly 
above resonance, 


‘The measurements had so far not been 
all conclusive, so I decided to uy one 
more approach; ‘lo cut the legs of a ( 
Jong legged) capacitor by 5 mm at a 
time, and measure it at each length on 
the ground plane as well as on the 
microstrip line. See ‘Table 3. 


ic inductance (nH/mm) seems 
c as the leads get shorter. 
ration of the legs will have 
this effect, when the fields around one 
leg has less influence upon the other. 
Shorter leads may have the same effect. 


Fig.5 shows an RE sweep with Smm 
long legs on the 100pF capacitor. 


we a 
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Each leg Res.freq. Res.freq. Ind Ind Ind. Ind. 
Length — gnd.pl p-strip gnd.pl. p-strip gnd.pl. pestrip 
(mm) (MIIz) = (MIIz) (nfl) (nl) (aH/mm) (nH/mm) 
43.67 67 66 55,321 57.010 .680 701 
40 69 68 52.160 53.705 -704 725 
35 74 74 45.349 45.349 -708 :708 
30 8l 81.5 37.850 37.387 -700 692 
25 88 88.5 32.068 31.706 728 720 
20 101 100 24.344 24.833 ‘16 -730 
15 109 115 20.901 18.777 870 782 
10 137 128 13.231 15.157 945 1.08 

5 191 170 6.807 8.593 1.70 2.14 


Note: 6mm of body path length is subtracted before the last two columns are 
calculated. 


Table 3; Cutting down the legs of a LO2pF dise capacitor 


3. 4. 
CONCLUSION LITERATURE 


Tt is well known not to use excessively (1) M. G. Scroggic, Radio Laboratory 
large de-coupling capacitors in RF Handbook, 7th edition, pp 415-416 
pyans ibe — beast Herc as not Q)_D. Burchard, Crystal Testing, VHF 
large enough. For applications operat- s ete 

: Communications 3/93 p 163. 

ing at one frequency, or a band, the 
advantages of resonant decoupling, or (3) -D, Burchard, Don't be Afraid of 
coupling, can improve performance High-Frequency Transformers, 
such as gain, stability or output power. VHF Communications 2/94 p 99, 


- PRig.8: 

0-500 MHz Sweep (RF into 
the Oscilloscope) with the 
cut-down (Smm legs left) 
100pF Capacitor on the 
Miero Stripline, showing 
resonance at app. 170 MIIz 
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